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Objectives. We sought to determine the effect of specialty care
on in-hospital mortality in patients with acute myocardial infarc-
tion.
Background. There has been increasing pressure to limit access
to specialists as a method to reduce the cost of health care. There
is little known about the effect on outcome of this shift in the care
of acutely ill patients.
Methods. We analyzed the data from 30,715 direct hospital
admissions for the treatment of acute myocardial infarction in
Pennsylvania in 1993. A risk-adjusted in-hospital mortality model
was developed in which 12 of 20 clinical variables were significant
independent predictors of in-hospital mortality. To determine
whether there were factors other than patient risk that signifi-
cantly influenced in-hospital mortality, multiple logistic regres-
sion analysis was performed on physician, hospital and payer
variables.
Results. After adjustment for patient characteristics, a multiple
logistic regression analysis identified treatment by a cardiologist
(odds ratio 5 0.83 [confidence interval {CI} 5 0.74 to 0.94] p <
0.003) and physicians treating a high volume of acute myocardial
infarction patients (odds ratio 5 0.89 [CI 5 0.80 to 0.99] p <
0.03) as independent predictors of lower in-hospital mortality.
Treatment by a cardiologist as compared to primary care physi-
cians was also associated with a significantly lower length of stay
for both medically treated patients (p < 0.01) and those under-
going revascularization (p < 0.01).
Conclusions. Treatment by a cardiologist is associated with
approximately a 17% reduction in hospital mortality in acute
myocardial infarction patients. In addition, patients of physicians
treating a high volume of patients have approximately an 11%
reduction in mortality. This has important implications for the
optimal treatment of acute myocardial infarction in the current
transformation of the health care delivery system.
(J Am Coll Cardiol 1998;32:885–9)
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Recent trends in the delivery of health care in the United
States have focused on increasing the proportion of physicians
who deliver primary care and limiting access to specialists
(1–4). Specialists’ use of more health resources (5) increases
costs, which may motivate managed-care organizations to
provide incentives to minimize referrals to them and thus limit
their numbers. However, the effects on outcome and on health
care resource utilization of increasing the numbers of acutely
ill patients cared for by primary care physicians remain incom-
pletely defined. Since acute myocardial infarction (AMI) is a
common illness treated by both specialists and primary care
physicians, it provides an excellent basis for comparison of
outcomes of different patterns of care for acutely ill patients.
Previous studies have reported that cardiologists are more
likely to be aware of and to use life-saving therapies for the
treatment of unstable angina and AMI (6,7). A recent study by
Jollis et al. (8) suggested that outcome of AMI is better in
Medicare patients who are admitted to a hospital by a cardi-
ologist than in those admitted by a primary care physician. The
authors suggested that this may be in part due to the greater
use by cardiologists of therapies associated with increased
survival.
To determine the impact of specialty vs. primary care on
in-hospital mortality in patients aged 30 to 99 years who
present with an AMI, we analyzed the data from the recently
published Pennsylvania Health Care Cost Containment Coun-
cil report on AMI (9,10).
Methods
Patients. A total of 39,256 hospital admissions for treat-
ment of an AMI in Pennsylvania in 1993 were identified from
the International Classification of Disease (ICD-9-CM) code
for myocardial infarction, initial episode of care (ICD-9-CM
codes 410.01 through 410.91) as the principal diagnosis. Ana-
lyzed in this study were 30,205 patients admitted directly to a
hospital for myocardial infarction (as opposed to those trans-
ferred from another acute care hospital).
There were 510 patients excluded from the analysis, which
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included those under the age of 30 or over the age of 99,
patients who left against medical advice, patients of clinical
complexity (metastatic cancer, major trauma, anoxic encepha-
lopathy or concurrent heart transplantation), patients involved
in hospital transfers, patients of physicians who treated more
than 100 patients in which it appeared that the entire group’s
cases were assigned to a single physician, patients treated by a
specialty other than cardiology or primary care and patients
treated at a hospital that closed since 1993 or at a hospital that
treated less than 30 AMI patients in 1993.
Data collection. All acute care hospitals in Pennsylvania
are required to abstract previously established key clinical data
from all patient admissions. These data are then entered into
the Atlas System (formerly known as MedisGroups) (11) from
which the Atlas admission severity score is calculated. Other
clinical variables are abstracted from the charts by trained
hospital personnel and translated to ICD-9-CM codes.
The assignment of attending physicians was the decision of
the hospital and its physicians (10). Depending on individual
hospital policy, some hospitals assigned the physician who
admitted the patient, others used the physician who discharged
the patient and some used the physician who spent the most
time with the patient. The assignment of specialty was self-
reported by the individual attending physician. This physician
was given the opportunity to review and verify the data
submitted for analysis as well as the opportunity to change the
identification of the attending physician for a given patient
when appropriate.
Statistical analysis. A risk-adjusted model of in-hospital
mortality was developed for the patients admitted directly to a
hospital by testing 20 clinical and demographic variables,
including the Atlas admission severity score which itself is a
collection of 23 clinical variables. These variables include age,
history of angina, history of congestive heart failure, history of
stroke, elevated blood urea nitrogen, number of diseased
coronary arteries, evidence of congestive heart failure by chest
x-ray, elevated creatine phosphokinase, low ejection fraction,
low Glasgow Coma Scale, high glucose, left ventricular hyper-
trophy, mechanical ventilation, AMI, myocardial infarction of
indeterminate age, high pH, low pH, low partial pressure of
oxygen, history of percutaneous transluminal coronary angio-
plasty (PTCA), increased respirations, low systolic blood pres-
sure, high serum glutamic-oxaloacetic transaminase and high
white blood cell. Multiple logistic regression analysis identified
12 additional clinical variables as significant independent pre-
dictors of in-hospital mortality: higher Atlas admission severity
score, older age, presence of cardiac dysrhythmia, cardiogenic
shock, cardiomyopathy, conduction disorder, diabetes, dialysis,
female gender, anterior infarct site, prior coronary bypass
surgery and renal failure. These were included in the model to
measure risk-adjusted mortality.
Clinical variables that had not been found to be predictors
of in-hospital mortality were hypertension with or without
complication, heart failure, age squared, malignant neoplasm
and admission type or source. The results of this model were
published in 1996 by the Pennsylvania Health Care Cost
Containment Council (9). The receiver operating characteris-
tic curve area for the model was 88.1%.
To determine whether factors other than patient risk sig-
nificantly influenced in-hospital mortality, physician-, hospital-
and primary payer-related characteristics were entered into the
model after controlling for the significant clinical variables
using the same multiple logistic regression technique. The
physician characteristics included physician specialty (cardiol-
ogist vs. primary care provider [internist or family practice
physician]) and number of AMI patients treated by a physician.
The median number of AMI patients treated by a physician
was 12 and a high-volume physician was defined as one who
treated more than 12 AMI patients. The number of physicians
in a practice group treating AMI patients, type of practice
(solo, group with 1 or group with more than 1 physician
treating AMI patients) and the number of hospitals in which
the physician treated AMI patients were also included in the
analysis.
Hospital characteristics included whether a hospital had
advanced cardiac capabilities including PTCA and coronary
bypass surgery. Other factors included the teaching status of a
hospital, the number of infarct patients treated at a hospital
and whether a hospital was located in a rural or in an urban
area. The percent of the physicians at a hospital that treat AMI
patients who are cardiologists was also analyzed. The type of
insurance for each patient was provided by the hospital based
on the primary payer billed for the hospitalization. These data
were not verified by the individual payers. These included
Medicare, Medicaid, traditional indemnity separated into Blue
Cross and commercial, health maintenance organization
(HMO) also separated into Blue Cross and commercial and a
miscellaneous group encompassing self pay, worker’s compen-
sation and government insurance other than Medicare or
Medicaid.
Chi-square and Student’s t tests were used to test differ-
ences in baseline characteristics between patients treated by
cardiologists and primary care physicians. Length of stay data
are presented as comparison of geometric mean length of stay
between cardiologists and primary care providers.
Results
Patient characteristics. The patient characteristics accord-
ing to the physician specialty are outlined in Table 1. Patients
treated by cardiologists were younger, more likely to be men,
have an anterior or an inferior infarction and have had prior
coronary bypass surgery. Cardiac dysrhythmia, cardiogenic
Abbreviations and Acronyms
AMI 5 acute myocardial infarction
CABG 5 coronary artery bypass graft surgery
HMO 5 health maintenance organization
PTCA 5 percutaneous transluminal coronary angioplasty
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shock and conduction disorders were more common in pa-
tients treated by cardiologists. Diabetes, cardiomyopathy, di-
alysis and renal failure were more common in patients treated
by primary care physicians. The mean Atlas severity score was
higher in patients treated by a primary care physician.
Physician, hospital and payer characteristics. As summa-
rized in Table 2, patients treated by cardiologists were more
likely to go to a hospital in an urban or mostly urban location.
They were also more likely to be at a hospital with advanced
cardiac services including PTCA and coronary bypass surgery.
Patients treated by cardiologists were more likely to be at a
teaching hospital or at a university hospital.
The vast majority of cardiologists caring for AMI patients
treated a high volume of infarct patients. Primary care physi-
cians were more likely to be in a solo practice and work in a
single hospital. As outlined in Table 3, primary care providers
cared for a higher percentage of Medicare patients as com-
pared to cardiologists, who cared for a higher percentage of
Medicaid, indemnity and HMO patients.
Mortality. The crude in-hospital mortality for patients
treated by cardiologists was significantly lower, 8.5% as com-
pared to 11.8%, for patients treated by primary care physicians
(p , 0.001). A multivariate logistic regression analysis was
done in which the clinical variables were forced to remain in
the model after which the physician, hospital and payer
characteristics were tested. After accounting for patient char-
acteristics, patients treated by cardiologists had significantly
lower in-hospital mortality as compared to those treated by
primary care physicians (odds ratio 5 0.83 [confidence interval
{CI} 0.74 to 0.94], p , 0.003).
Physician volume. The median number of infarct patients
treated by a physician in this study population was 12 and a
high-volume physician was defined as one who treated more
than 12 patients. By multivariate analysis, after accounting for
patient characteristics and treatment by a cardiologist, physi-
cian treatment of a high-volume of AMI patients was an
independent predictor of lower in-hospital mortality (odds
ratio 5 0.89 [CI 0.80 to 0.99], p , 0.03).
Hospital and payer characteristics. Of the hospital and
payer variables tested after accounting for patient characteris-
tics and physician volume and specialty, the location of the
hospital was identified as an independent predictor of in-
hospital mortality (p , 0.006). In-hospital mortality was higher
for hospitals in a 100% urban, 75% to 99% urban or 100%
rural location. Insurance type was also an independent predic-
tor of in-hospital mortality (p , 0.04), with higher mortality
seen in Medicaid, Medicare, commercial HMO and the mis-
cellaneous payer groups. The identification of an independent
predictor for a categorical variable means that statistical
differences exist among some of the levels with respect to
in-hospital mortality; it does not imply all levels of the factor
are statistically different from each other.
Length of stay. The geometric mean length of stay accord-
ing to specialty is outlined in Table 4. When the patients are
grouped as to whether revascularization was performed, pa-
Table 1. Clinical Characteristics in the Model According
to Specialty
Patient Variable
Cardiology
(n 5 11,024)
Primary Care
(n 5 19,181) p
Age (yr, mean) 66.1 70.0 , 0.001
Female (%) 36.5 45.4 , 0.001
Infarct location
Anterior (%) 27.7 25.6 , 0.001
Inferior (%) 32.4 26.9 , 0.001
Prior CABG (%) 9.1 5.2 , 0.001
Cardiac dysrhythmia (%) 35.7 32.5 , 0.001
Cardiogenic shock (%) 5.0 4.2 , 0.001
Diabetes (%) 25.1 29.2 , 0.001
Cardiomyopathy (%) 1.8 2.2 , 0.05
Conduction disorder (%) 13.3 12.4 , 0.05
Dialysis (%) 0.8 1.2 , 0.001
Renal failure (%) 4.3 6.2 , 0.001
Atlas score (mean) 2.17 2.32 , 0.001
CABG 5 coronary artery bypass graft surgery.
Table 2. Distribution of Cardiology and Primary Care Patients
According to Hospital and Physician Characteristics
Characteristic
Cardiology
(n 5 11,024)
Primary Care
(n 5 19,181) p
Hospital location
100% rural (%) 0.0 0.6 , 0.001
75% to 99% rural (%) 4.0 10.8 , 0.001
50% to 74% rural (%) 6.8 15.3 , 0.001
24% to 49% rural (%) 25.8 32.1 , 0.001
75% to 99% urban (%) 49.1 32.8 , 0.001
100% urban (%) 14.3 9.2 , 0.001
CABG hospital (%) 41.2 25.0 , 0.001
Hospital teaching status
Nonteaching (%) 25.7 37.0 , 0.001
Teaching (%) 68.9 61.2 , 0.001
University (%) 5.4 1.8 , 0.001
Physician variable
High volume (%)* 85.4 30.5 , 0.001
Solo practice (%) 11.5 47.7 , 0.001
Group size . 1 (%) 85.0 44.7 , 0.001
Single hospital (%) 56.4 75.7 , 0.001
*High volume 5 physician treats . 12 myocardial infarctions/year. CABG 5
coronary artery bypass graft surgery.
Table 3. Payer Type for Patients of Cardiologists and Primary
Care Physicians
Payer Type
Cardiology
(n 5 11,024)
Primary Care
(n 5 19,181) p
Medicaid (%) 5.1 4.5 , 0.05
Medicare (%) 56.8 69.9 , 0.001
Indemnity-Blue (%) 19.8 14.5 , 0.001
Indemnity-Commercial (%) 8.6 5.2 , 0.001
HMO-Blue (%) 1.3 0.7 , 0.001
HMO-Commercial (%) 6.3 2.9 , 0.001
Miscellaneous (%) 2.1 2.2 NS
NS 5 not significant.
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tients treated by cardiologists had significantly shorter length
of stay for both patients undergoing PTCA or coronary artery
bypass graft surgery (CABG) as well as those treated medi-
cally.
Discussion
In this study, we found that treatment by a cardiologist is
associated with approximately a 17% reduction in hospital
mortality in patients with AMI independent of more than 20
other relevant variables. In addition, patients of physicians
treating more than 12 AMI patients have approximately an
11% reduction in mortality.
A previous study conducted in four states (Alabama, Con-
necticut, Iowa and Wisconsin) found that cardiologists achieve
better outcomes in caring for Medicare patients with AMI (8).
The present study extends these findings to patients of all ages
who presented with a myocardial infarction in a large state
(Pennsylvania) with a mixture of urban and rural populations.
Jollis et al. (8) suggested that the explanation for the better
outcome by cardiologists may be related to their additional
training and experience with patients who have coronary
disease. They found that cardiologists were more likely to use
medications which have been shown to improve survival fol-
lowing an AMI. Also, cardiologists utilized coronary angiogra-
phy and revascularization procedures more frequently and
identified more patients with severe coronary disease who were
most likely to have improved survival with revascularization.
Selby et al. (12) recently reported more favorable outcomes in
AMI patients treated at hospitals with higher rates of angiog-
raphy.
Volume of AMI patients treated by a physician. The
present study identified physician volume as an independent
predictor of lower in-hospital mortality. Previous studies of
CABG (13–15) and PTCA (16) have identified the important
relationship of physician volume to outcome. This appeared to
be a logical finding in the performance of these highly technical
procedures. The present study extends that observation to the
treatment of myocardial infarction in which a high volume is
associated with better outcome. Physicians who treat more
AMI patients are more likely to be knowledgeable about
current therapies and may identify complications and inter-
vene at an earlier time.
The data suggest that primary care physicians can achieve
better outcomes by caring for a higher volume of AMI
patients. It is important to note that approximately 85% of
cardiologists were high-volume physicians as compared to 31%
of primary care physicians. Therefore, in most cases, there is an
additional survival benefit for a patient treated by a cardiolo-
gist, since the specialist is very likely to be a physician who
cares for a high volume of AMI patients.
Location of hospital as a risk factor. Hospital location in a
100% urban area was associated with worse outcome. In
Pennsylvania, Philadelphia County is the only one considered
to be 100% urban and this county has a large indigent
population which may impact their overall care process. De-
spite the predominance of teaching and university hospitals in
the 100% urban and dominantly urban areas, patient outcome
was worse. While the worse outcome of myocardial infarction
in 100% urban hospitals may reflect the well-known associa-
tion between lower socioeconomic status and higher rates of
cardiovascular events and death, it also raises questions in
regards to the process of care received by patients in a system
where residents and fellows are often the initial caregivers.
This may in some cases cause delay in proceeding with early
life-saving reperfusion therapies. The higher mortality seen in
rural hospitals may reflect the lack of on-site availability of
procedures for the management of complications including
PTCA and coronary bypass surgery.
Payer type and outcome. The results suggest that patients
covered by certain types of insurance have higher mortality
independent of clinical severity. One would expect the Medi-
care and Medicaid groups to have an increased severity of
illness, and it is possible that the models did not completely
account for these differences.
There may be other unmeasured characteristics contribut-
ing to differences in mortality, such as patients who are more
health conscious and hence pursuing a variety of better life-
style and medical care habits that are clustered in particular
insurance products. There may be unmeasured differences in
doctors or hospitals participating in the various insurance
options that might have affected outcomes. Since the payer
data were provided by the hospital and not verified by the
individual payers, this portion of the analysis needs to be
viewed with caution. Further analysis is needed to better
understand the relationship between different payer types and
mortality, especially with the changing role of payers in health
care delivery.
Differences in length of stay. The length of stay was
significantly lower for patients treated by cardiologists regard-
less of whether medical therapy or a revascularization proce-
dure was performed. Since cardiologists are more likely to be
aware of effective therapies in the treatment of AMI patients,
this may lead to more rapid initiation of therapy and stabili-
zation of the patient, thus allowing for earlier discharge from
the hospital.
Statistical model. There were significant differences in
baseline clinical characteristics for patients treated by cardiol-
ogists as compared to primary care physicians including age,
gender and presence of diabetes mellitus. With increased age
Table 4. Length of Stay for Patients of Cardiologists and Primary
Care Physicians
Length of Stay (days)
Cardiology
(n 5 11,024)
Primary Care
(n 5 19,181) p
All patients 9.6 9.5 NS
PTCA patients 8.6 9.4 , 0.001
CABG patients 15.4 16.8 , 0.001
No revascularization patients 8.8 9.4 , 0.001
CABG 5 coronary artery bypass graft surgery; NS 5 not significant;
PTCA 5 percutaneous transluminal coronary angioplasty.
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often being associated with comorbid conditions, it is impor-
tant to emphasize that these conditions, along with age, were
heavily weighted as risk adjustment factors in the statistical
model. While the worse outcome of primary care treated AMI
patients is similar in the previous report of Medicare patients
by Jollis et al. (8) and in the present report of patients from 30
to 99 years of age in Pennsylvania, it will be important to assess
the consistency of this result in other populations.
Conclusions. Based on data for all initial hospitalizations
for myocardial infarction in the Commonwealth of Pennsylva-
nia in 1993, patients with AMI treated by a cardiologist had
lower mortality as compared to those treated by a primary care
physician. In addition, patients of physicians who treat a high
volume of AMI patients had improved survival. Hospital
location and payer type also impact patient survival, and this
information may be helpful in shaping future policy for payers
and hospitals. Cardiologists have lower length of stay com-
pared to primary care physicians for both medically treated
patients and those undergoing revascularization. These results
have important implications for optimal treatment of AMI in
the current transformation of the health care delivery system.
We are indebted to Dr. Richard B. Devereux for his valuable advice and critical
review of the manuscript.
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